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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] ~ 
[Claim 1] The remaining portion is the plane-of-polarization change machine with which a light beam passes mostly 
perpendicularly the portion with which the magnetization of some these Faraday-rotation children is in an unsaturation 
state at the time of the magnetic field impression by the magnetic field impression means, and the magnetization has 
been saturated by magnetization being in a saturation state to a film surface in the plane-of-polarization change 
machine possessing the Faraday-rotation child who consists of an iron content garnet single crystal film, and a 
magnetic field impression means in which magnetic field reversal is possible impress a magnetic field to this Faraday- 
rotation child. . 
[Claim 2] In the yoke which consists of a magnetic material, the coil given to this yoke, and the gap section prepared in 
the aforementioned yoke The Faraday-rotation child who consists of an iron content garnet single crystal film 
perpendicularly inserted to the direction of gap length is provided, this Faraday-rotation child It is the plane-of- 
polarization change machine with which the most is the size protruded outside from the gap section, the point of the 
flash portion is the unsaturation field of magnetization, and a light beam passes the saturation region of the 
magnetization of the flash portions perpendicularly mostly to a film surface. 

[Claim 3] In the yoke which consists of a magnetic material, the coil given to this yoke, and the gap section prepared m 
the aforementioned yoke The Faraday-rotation child who consists of an iron content garnet single crystal film 
perpendicularly inserted to the direction of gap length is provided, this Faraday-rotation child The plane-of-polarization 
change machine with which the most is the size protruded outside from the gap section, magnetic-shielding material is 
attached in the point of the flash portion, the unsaturation field of magnetization is formed, and a light beam passes the 
saturation region of the magnetization of the flash portions perpendicularly mostly to a film surface. 
[Claim 4] The main yoke and auxiliary yoke which consist of a magnetic material, and the coil given to both yokes, 
respectively, The Faraday-rotation child who consists of an iron content garnet single crystal film perpendicularly 
inserted to the direction of gap length common to the gap section prepared in both yokes is provided. The plane-of- 
polarization change machine with which the magnetic field by the main yoke and the magnetic field by the auxiliary 
yoke are impressed to an opposite direction to a Faraday-rotation child, and a light beam passes mostly the saturation 
region of the magnetization by a Faraday-rotation child's main yoke perpendicularly to a film surface. 
[Claim 5] In the yoke which consists of a magnetic material, the coil given to this yoke, and the gap section prepared in 
the aforementioned yoke The Faraday-rotation child who consists of an iron content garnet single crystal film 
perpendicularly inserted to the direction of gap length is provided, the gap section of the aforementioned yoke The 
short portion of gap length sets two or more place interval, and is prepared, and the portion of the Faraday-rotation 
child corresponding to a portion with short gap length serves as a saturation region of magnetization. The plane-of- 
polarization change machine with which other portions serve as an unsaturation field of magnetization, and a light 
beam passes the saturation region of the aforementioned magnetization perpendicularly mostly to a film surface. 
[Claim 6] The aforementioned Faraday-rotation child is the plane-of-polarization change machine according to claim 1 
to 5 which it is raised by the liquid-phase-epitaxial method, consists of a bismuth substitution iron garnet single crystal 
film with compensation temperature, and are 1 120 degrees C or more and 1 180 degrees C or less in temperature, and 
used to be heat-treated on the top conditions of less than 7 hours. 

[Claim 7] The optical switch which consists of two wedge-action-die birefringence single crystals which carried out 
opposite arrangement, a plane-of-polarization change machine according to claim 1 to 4 which has stationed the 
Faraday-rotation child among them, and the optical fiber and the lens for condensing the object for an input, and for an 
output. 

[Claim 8] The optical switch which consists of 1/2 wavelength plate located between two polarization beam splitters 
which carried out opposite arrangement, the plane-of-polarization change machine according to claim 5 which has 
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stationed the Faraday-rotation child among them, and a Faraday-rotation child and one polarization beam splitter. 
[Claim 9] The optical switch which consists of a monotonous birefringence single crystal for compensation located 
between two monotonous birefringence single crystals which carried out opposite arrangement, the plane-of- 
polarization change machine according to claim 1 to 5 which has stationed the Faraday-rotation child among those 
them, and a Faraday-rotation child and one monotonous birefringence single crystal, and the optical fiber and the lens 
for condensing the object for an input, and for an output. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the plane-of-polarization change machine of the magneto-optics 
formula which switches the polarization direction of light, and the optical switch using it by reversing the direction of 
the magnetic field impressed to a Faraday-rotation child, furthermore — if it states in detail — this invention — the time 
of magnetic field impression — some Faraday-rotation children - magnetization — an unsaturation state - it is - the 
remaining portion - magnetization - a saturation state - ** - it becomes and is related with the plane-of-polarization 
change machine with which it was made for a light beam to pass mostly the portion with which the magnetization is 
saturated perpendicularly to a film surface 
[0002] 

[Description of the Prior Art] In an optical transmission system, an optical measuring unit, etc., the optical switch for 
switching the travelling direction of light spatially is required, lxl type optical switch (optical shutter), 2x2 type 
optical switch, or the thing that combined these is used for this. The method with which the structure of an optical 
switch used a mechanical cable type, the electro-optical effect, and the acousto optic effect, or the magneto-optics 
formula is proposed variously. Also in it, with the plane-of-polarization change vessel of a magneto-optics formula 
installed in the interior, a magneto-optics formula switches the plane of polarization of a light beam magnetically, 
compares it mechanically, and it operates at high speed, and can miniaturize, and it has the advantage which has 
reliability over a long period of time [ outstanding ]. 

[0003] The typical plane-of-polarization change machine of a magneto-optics formula consists of the yoke which 
consists of a magnetic material, a coil given to this yoke, and a Faraday-rotation child of the shape of sheet metal 
inserted in the gap section of a yoke. As a Faraday-rotation child, the bismuth substitution iron garnet single crystal 
film by the LPE method is being used abundantly. The reason is that as for bismuth substitution iron garnet it is made 
to a comparatively thin membrane structure, and, as for the LPE method, productivity has a high advantage greatly [ a 
Faraday-rotation coefficient ] therefore. 

[0004] This Faraday-rotation child is perpendicularly inserted in the gap section prepared in the yoke to the direction of 
gap length. In this case, the Faraday-rotation child has a size which the part protrudes outside from the gap section, and 
a light beam passes the flash portion. With the conventional technology, a Faraday-rotation child's above-mentioned 
flash portion is made small as much as possible, and it is used here, impressing a magnetic field with which 
magnetization of a garnet single crystal film is saturated over the whole surface by the magnetic field by the yoke. 
[0005] 

[Problem(s) to be Solved by the Invention] The switching time in the conventional magneto-optics formula optical 
switch is dozens-250micro second (by comparison, it is usually about 80micro second conventionally by this invention 
person etc.). By the way, there is an excessive light interrupting device which this invention person etc. proposed as 
one of the uses of lxl type optical switch (optical shutter). Since the light of the excessive intensity exceeding 
convention level may spread this and it may destroy optical parts, such as a photo detector, and the electronic parts of 
the photo-detector latter part when a light amplifier causes an unusual oscillation When the optical power detector, the 
delay fiber, and the optical switch are arranged in series for the path of light and excessive light is detected, it is 
equipment which turns OFF an optical switch quickly, intercepts the excessive light which passes a delay fiber, and 
protects optical parts and electronic parts. 

[0006] Although the interrupting time demanded by the above optical switches is decided by the time delay of a fiber, 
when fiber length is 200m, for example, about 1 micro second and in the case of 2000m, it is about lOmicro second. 
Fiber length has direct influence on the size of an excessive light interrupting device, and it cannot be overemphasized 
that the shorter possible one is desirable. Actually, interrupting time can intercept light at the high speed below 
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1 Omicro second, and the optical switch of reliability with high interrupting time is needed. 

[0007] The purpose of this invention is offering the plane-of-polarization change machine and optical switch ot a 

magneto-optics formula which are switched at high speed. 

[MeSs for Solving the Problem] This invention persons considered the relation of the magnetic field distribution 
impressed with switching speed about the Faraday-rotation child who consists of an iron content garnet single crystal 
film Consequently, there is a distribution of magnetization more nearly spatially than the time of applying the 
magnetic field with which magnetization of an iron content garnet single crystal film is saturated over the whole 
surfece, and the direction when applying the magnetic field from which magnetization of some iron content garnet 
single crystal films serves as unsaturation found out that switching speed improved, this invention is made based on 

foOO^sfnvention is a plane-of-polarization change machine possessing the Faraday-rotation child who consists of 
an iron content garnet single crystal film, and a magnetic field impression means in which magnetic field reversal is 
possible to impress a magnetic field to this Faraday-rotation child. In this invention, the magnetization of some these 
Faraday-rotation children is in an unsaturation state at the time of the magnetic field impression by the magnetic field 
impression means, magnetization will be in a saturation state, the remaining portion has the structure where a light 
beam passes mostly the portion with which the magnetization is saturated perpendicularly to a film surface, and the 

[(Men ThTaboutC^rype plate-like yoke which specifically consists of a semi-hard magnetic material, In the coil given 
to this yoke and the gap section prepared in the aforementioned yoke The Faraday-rotation child who consists of an 
iron content garnet single crystal film perpendicularly inserted to the direction of gap length is provided, this Faraday- 
rotation child The most is the size protruded outside from the gap section, and the point of the flash portion is the 
unsaturation field of magnetization, and it is made for a light beam to pass the saturation region of the magnetization of 
the flash portions perpendicularly mostly to a film surface. Or magnetic-shielding material may be attached in the point 
of a Faraday-rotation child's flash portion, and the unsaturation field of magnetization may be formed. Moreover, there 
is also composition in which the magnetic field by them is impressed to an opposite direction to a 1 Faraday-rotation 
child using the main yoke and an auxiliary yoke. Furthermore, it is good also as composition in which the short portion 
of gap length sets two or more place interval, prepares the gap section of a yoke, and a portion with long gap length 
serves as an unsaturation field of magnetization in it. . 
rOOl 11 What it is raised by the liquid-phase-epitaxial method, consists of a bismuth substitution iron garnet single 
crystal film with compensation temperature as the aforementioned Faraday-rotation child, and is 1 120 degrees C or 
more and 1 180 degrees C or less in temperature, and was heat-treated on the top conditions of less than 7 hours is the 

m0121Two wedge-action-die birefringence single crystals which carried out opposite arrangement, for example, the 
above plane-of-polarization change machines which have stationed the Faraday-rotation child among them and the 
object for an input and the lens one apparatus optical fiber for an output constitute an optical switch from this 
invention Or 1/2 wavelength plate located between two polarization beam splitters which earned out opposite 
arrangement the above plane-of-polarization change machines which have stationed the Faraday-rotation child among 
them, and a Faraday-rotation child and one polarization beam splitter can also constitute an optical switch. 

[Function] Although the Faraday-rotation child who consists of an iron content garnet single crystal film is inserted in 
the gap section of a yoke and magnetic saturation of near [ this ] the gap section is carried out in this invention the left 
portion is the unsaturation field of magnetization. Switching speed improves that it is in such a magnetization state. 
The reason is considered as follows. Namely, a part of magnetic moment turns to opposite direction first, that serves as 
a nucleus, magnetic-domain-wall movement takes place, and the flux reversal process of an iron content garnet single 
crystal film when the conventional whole surface carries out magnetic saturation results in all flux reversal soon. By 
this invention, since magnetization is in an unsaturation state in some iron content garnet single crystal films, the 
nucleus for flux reversal will already have existed in the stage of the beginning of switching operation Therefore in 
this invention, since a nucleation stage can be excluded, the part and flux reversal will happen early and the switching 

time will be shortened. _ tUa „„„ 

[0014] In this invention, since a light beam passes the portion which earned out magnetic saturation near the gap 
section, neither isolation nor an insertion loss changes with elegance conventionally. . , 
[00151 Moreover, if suitable heat treatment for an iron content garnet single crystal film is performed, the area S which 
me hysteresis about the magnetic field dependency of a Faraday-rotation angle sunounds will decrease greatly, without 
a Faraday-rotation angle, saturation magnetization, and the magnetic field that saturation takes changing, and this area 
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S will be further set to about 0 by optimum conditions. If the area which this hysteresis surrounds has the switching 
time and correlation and this Faraday-rotation child is used, switching of an optical switch will be accelerated very 
much. 

[Example] One example of the optical switch concerning this invention is shown in A of drawing ! . This is the 
example of lxl type optical switch (optical shutter). A plane-of-polarization change machine is the composition of 
providing the about C type plate-like yoke 10 which consists of a semi-hard magnetic material, the coil 12 given to it, 
and the Faraday-rotation child 16 of the tabular perpendicularly inserted in the gap section 14 prepared in the 
aforementioned yoke 10 to the direction of gap length. The Faraday-rotation child 16 is raised by the LPE method 
(liquid-phase-epitaxial method), and consists of a bismuth substitution iron garnet single crystal film with 
compensation temperature here. And as it is the size in which the most protrudes this Faraday-rotation child 16 outside 
from the gap section 14 and is shown in B of drawing 1 , the nose of cam of the flash portion is unsaturation field 16a 
of magnetization, and a light beam passes mostly saturation-region 16b of the magnetization of the flash portions 
perpendicularly to a film surface. The wedge-action-die birefringence single crystals 1 8 and 20 have been arranged on 
the Faraday-rotation child's 16 both sides, respectively, and the lens one apparatus optical fiber 22 further for an input 
and the lens one apparatus optical fiber 24 for an output are formed in them. iiiJi/( , . 

room That is, in this example, it enlarges as [ protrude / the most / the Faraday-rotation child 16 / from the gap section 
14 1 and it is set up so that the Faraday-rotation child's 16 magnetization may not be saturated over the whole film by 
the magnetic field impression means by the yoke 10 and the coil 12. Conversely, if it says, the leakage magnetic field 
by the magnetic field impression means is set as a size which is not saturated with the whole film in the Faraday- 
rotation child's 16 magnetization. c ~ Air . v nr) 
[00181 The Faraday-rotation child 16 processes into 2x7x0.50mm the single crystal film of 3 (GdBi) 5 (FeAlGa) UlZ 
which formed membranes by the LPE method, and processes a 2x7mm field into a mirror plane. Composition ot a 
single crystal film is Gd2.02Bi0.98Fe4.43aluminum0.44Ga 0.1 30 12, and this has compensation temperature at -5 
degrees C It is the magnetic field Hs which 80G and saturation take the saturation magnetization in a room 
temperature when you make it magnetized at right angles to a film surface. It is 80Oe(s) and a Faraday-rotation angle 
with a wavelength of 1.55 micrometers is 45 degrees. As birefringence single crystals 18 and 20 used as a polarizer and 
an analyzer, the wedge-action-die rutile single crystal was used. The single mode fiber was used for the lens one 

apparatus optical fibers 22 and 24. . 
[0019] Drawing 2 is the explanatory drawing of operation. When it sees in the direction of mput light, the wedge- 
action-die birefringence single crystal 20 used as the wedge-action-die birefringence single crystal 18 used as a 
polarizer and an analyzer is together put so that thickness may differ by right and left and a thick portion and a thin 
portion may counter, angle alpha (=22.5 degree) And the optical axis of the wedge-action-die birefringence single 
crystal 20 which the optical axis of the wedge-action-die birefringence single crystal 18 used as a polarizer angle alpha 
(=22 5 degree) Leans clockwise to the perpendicular direction, and serves as an analyzer leans counterclockwise to the 
perpendicular direction. Arrow H is the direction of the magnetic field impressed to the Faraday-rotation child 16 at the 
time of the forward direction. In this state, input light penetrates and carries out outgoing radiation of both wedge- 
action-die birefringence single crystals 18 and 20. If the driver voltage to a coil is switched and the magnetic field ot a 
retrose is impressed, the directions of Faraday rotation differ 90 degrees, and an input light beam cannot penetrate the 
wedge-action-die birefringence single crystal 20 used as an analyzer, but will be intercepted. In such switching 
operation, a light beam passes the saturation region of magnetization of the Faraday-rotation child 16, and the amount 
of [ which keeps away from the gap section 14 of a yoke 10 ] point has always become the field of unsaturation. 
Therefore, since the nucleus of flux reversal always exists, transparency and interception of input light are controllable 
by supply of the pulse current to a coil at high speed. According to the trial production result, the switching time ot the 
optical switch of the above-mentioned composition was 25micro second. Moreover, the insertion loss was 0.5dB and 
isolation was 40dB. . . 

[0020] Drawing 3 shows other examples of the optical switch concerning this invention, bince fundamental 
composition may be the same as that of the example of drawin g! , in order to simplify explanation, the same sign is 
given to a corresponding portion. Also in this example, although the Faraday-rotation child 16 is a size which the most 
protrudes outside from the gap section 14, he has put the magnetic-shielding material 28 of the shape of a character of 
KO on the point of the flash portion. By the magnetic field impression means which consists of a yoke 10 and a coil 
12 a magnetic field is impressed to the Faraday-rotation child 16. Although the portion which is not covered by the 
magnetic-shielding material 28 serves as a saturation region of magnetization by this, the portion covered by the 
magnetic-shielding material 28 remains with unsaturation. Although part mark of this composition increase, there is an 
advantage which can make a Faraday-rotation child's size smaller than the composition of drawingl . 
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[0021] A of drawing 4 shows the example of further others of the optical switch concerning this invention. It has the 
coil 33 given to the about C type plate-like main yoke 30 which consists of a semi-hard magnetic material, the about C 
type plate-like auxiliary yoke 31 which consists of a semi-hard magnetic material besides the coil 32 given to the main 
yoke 30, and the auxiliary yoke 31, and opposite arrangement is carried out so that the gap section 34 in which they are 
prepared by the main yoke 30, and the gap section 35 prepared in the auxiliary yoke 31 may serve as the same flat 
surface. And it considers as the composition which inserted the Faraday-rotation child 36 who becomes both the gap 
sections 34 and 35 from an iron content garnet single crystal film perpendicularly to the direction of gap length in 
common. It is made for the direction of the magnetic field which supplies a direct-current pulse current so that the 
magnetic field by the main yoke 30 and the magnetic field by the auxiliary yoke 31 may be impressed to an opposite 
direction to the Faraday-rotation child 36, and is generated with the main yoke 30 to become larger than the magnetic 
field generated with the auxiliary yoke 3 1 . As it follows, for example, is shown in B of drawing 4 , partial 36b of the 
remainder [ child / Faraday-rotation / 36 ] when / that / 36a is mostly magnetized downward with the main yoke 30 will 
be magnetized upward with the auxiliary yoke 3 1 . And a light beam passes mostly partial 36a with which 
magnetization is saturated perpendicularly to a film surface with the Faraday-rotation child's 36 main yoke. On the 
Faraday-rotation child's 36 both sides, the wedge-action-die birefringence single crystals 38 and 40 are arranged, 
respectively. 

[0022] It is good to supply a pulse current to the auxiliary yoke 31 to the timing which did not switch usually 
frequently at this kind of optical switch although you could carry out to the timing that a switch of the magnetic field 
by magnetic field [ both ] impression means is the same, therefore supplied the pulse current to the direction of the 
main yoke 30 when first required, switched the optical switch, and was delayed after that and suitably, to make 
opposite direction magnetized locally, and to make it prepare for the next switching. Since the nucleus for 
magnetization of a retrose will have arisen with the auxiliary yoke 31 in the case of switching of the magnetization by 
the main yoke 30, the speed of switching becomes very quick like each aforementioned example. 
[0023] A of drawing 5 shows other examples of the optical switch concerning this invention. The about C type plate- 
like yoke 50 which consists of a semi-hard magnetic material, the coil 52 given to this yoke 50, and the Faraday- 
rotation child 56 who consists of an iron content garnet single crystal film perpendicularly inserted in the gap section 
54 prepared in the aforementioned yoke 50 to the direction of gap length are provided. Two heights 51 are opposite-** 
(ed) at a time by the both sides of an opposite end face, respectively, and the gap section of a yoke 50 is structure 
which the short portion of gap length sets a two-place interval by it, and is formed here. Although the portion of the 
Faraday-rotation child corresponding to a portion with short gap length becomes the saturation region of magnetization 
since a magnetic field concentrates on a height 51 as shown in B of drawing 5 , other portions can serve as an 
unsaturation field of magnetization. And a light beam passes mostly two places with which magnetization is saturated 
perpendicularly to a film surface. 

[0024] A polarization beam splitter 58 is installed in the aforementioned Faraday-rotation child's 56 one side, and 1/2 
wavelength plate 59 and a polarization beam splitter 60 are arranged to an opposite side. Polarization beam splitters 58 
and 60 are the structures which sandwiched the polarization demarcation membrane by parallelogram prism and right- 
triangle prism, and have formed the total reflection film in the field parallel to the polarization demarcation membrane 
of parallelogram prism. At the ON state of an optical switch, input light is divided into P polarization and S 
polarization by the polarization demarcation membrane, plane of polarization rotates by the Faraday-rotation child 56 
45 degrees, P polarization is changed into S polarization, S polarization is changed into P polarization by 1/2 
wavelength plate 59, and it joins together by the polarization beam splitter 60, and becomes output light. In an OFF 
state, since the rotatory polarization by the Faraday-rotation child 56 serves as an opposite direction 45 degrees, the 
direction of the aforementioned output light turns into a direction different 90 degrees, and does not carry out outgoing 
radiation of the output light from a polarization beam splitter 60 to a regular output port. Thus, it operates as a lxl type 
optical switch. 

[0025] Now, what it is raised by the LPE method, consists of a bismuth substitution iron garnet single crystal film with 
compensation temperature as a Faraday-rotation child who uses by this invention, and is 1 120 degrees C or more and 
1 1 80 degrees C or less in temperature, and was heat-treated on the top conditions of less than 7 hours is desirable. As 
concrete composition of a single crystal film, there are above Gd2.02Bi0.98Fe4.43aluminum0.44Ga(s) 0.1 30 12, for 
example, the above-mentioned heat treatment conditions are ** drawn from various experiments The heat treatment 
conditions in which it experimented are shown in drawing 6 . Heat treatment carried the element on the platinum 
board, put it into the electric furnace, and was performed in air atmosphere. O'clock, a programming rate and 
temperature fall speed changed various 120 degrees C /, maximum temperatures (top temperature), and holding times 
and performed them, respectively. 1 150 degrees C shows the measurement result of the magnetic field dependency of 
Faraday rotation of the heat-treated element (this invention article) to drawing! for 3 hours. The area S which a 



« 



Page 5 of 5 



hysteresis surrounds is 0. 1 kdeg/Oe, and, as for the extinction ratio, 30dB or more is obtained. 
[0026] In drawin g 6 , the field (a boundary line is also included) which gave the slash is the range of the top conditions 
of desirable heat treatment. If the application as an optical switch is taken into consideration, as a property required of 
a Faraday-rotation child, it is the magnetic field Hs which saturation takes. 100 or less Oes and a Faraday-rotation 
angle are 45 degrees and coercive force He. The area S which the hysteresis about the magnetic field dependency of 5 
or less Oes and a Faraday-rotation angle surrounds needs to fulfill the conditions of 1 or less kdeg/Oe. In addition, 
since heat treatment passes through the process of a temperature up-top condition maintenance-temperature fall in a 
furnace, top conditions are included when the holding time is zero (namely, processing in which the temperature is 
lowered immediately after carrying out a temperature up and reaching predetermined temperature). When heat 
treatment temperature is less than 1 120 degrees C, it is coercive force He. It becomes large and the area S which a 
hysteresis surrounds does not decrease. If it exceeds 1 180 degrees C, in order that a Faraday-rotation angle may 
decrease, thickness must be thickened, and a front face will be ruined. This is considered for a bismuth to disperse out 
of a crystal, and composition also shifts. Magnetic field Hs which saturation will take if it becomes so long that heat 
treatment time exceeds 7 hours It increases. A perpendicular magnetic anisotropy falls and this is considered for 
approaching the magnetization film within a field, as a result of [ these ] conducting a various experiment, heat 
treatment of 7 hours was the optimal at the temperature of 1 150 degrees C especially If such a Faraday-rotation child is 
used, with the composition of drawing 1 , 1 or more figures of switching times of an optical switch will be 
conventionally accelerated rather than elegance, for example like 6micro second. 

[0027] In addition, the plane-of-polarization change machine concerning this invention cannot be overemphasized by 
that it can use not only for the above lxl type optical switches but for a 2x2 type optical switch, other magneto-optics 
type light devices, etc. 
[0028] 

[Effect of the Invention] Since a Faraday-rotation child's magnetization is not saturated over the whole film surface but 
this invention has in part the field (or field where magnetization serves as a retrose even if saturated) of unsaturation as 
mentioned above, it becomes possible for the nucleus of flux reversal to always exist, in case it is made to switch, 
therefore to make it switch at high speed. Especially as for the thing heat-treated on proper conditions, the hysteresis 
about the magnetic field dependency of a Faraday-rotation angle becomes very small, and switching speed's preparing 
an unsaturation field as mentioned above with that improves extremely like ****** and below lOmicro second. By 
this, in case an excessive light interrupting device etc. is constituted, equipment can be miniaturized and a reliable 
system can be constituted. 
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